P
eripheral artery disease (PAD) affects >200 million people worldwide. 1 Two thirds of patients with PAD have concomitant coronary or cerebrovascular atherosclerotic disease, accounting for a significantly increased risk of heart attack, stroke, and cardiovascular mortality in this population. [2] [3] [4] HMG-coenzyme A reductase inhibitors, commonly referred to as statins, have been associated with reduced peripheral ischemic events and improved all-cause and cardiac-related mortality rates in patients with PAD. 5, 6 Among patients with critical limb ischemia (CLI), the most severe manifestation of PAD, statin therapy has also been associated with reduced mortality and improved amputation-free survival. [7] [8] [9] Despite compelling evidence and guideline recommendations, patients with PAD are undertreated medically and are significantly less likely than patients with coronary artery disease (CAD) to receive statin therapy. 10, 11 Current American College of Cardiology (ACC) and American Heart Association (AHA) guidelines provide a class 1 recommendation supporting high-intensity statin therapy (eg, rosuvastatin 20-40 mg, atorvastatin 40-80 mg) for all patients aged <75 years with atherosclerotic cardiovascular disease, including PAD. 12 This recommendation includes an ACC/AHA level of evidence A, consistent with data from multiple large-scale studies. Importantly, the evidence cited for this recommendation is derived from trials evaluating a variety of statin intensities for secondary prevention in patients with CAD. [13] [14] [15] To date, there is no direct data comparing outcomes in patients with PAD treated with LMI or HI statin therapy, and previous research has failed to demonstrate a beneficial effect of HI statin therapy on endothelial function in patients with PAD. 16 We hypothesized that among patients with symptomatic PAD referred for angiography and possible endovascular intervention, HI statin therapy would be associated with improved survival and fewer major adverse cardiovascular events (MACE) compared with LMI statin therapy.
Methods
This retrospective study used data from the PAD-University of California (UC) Davis Registry, which comprises all patients with a clinical diagnosis of PAD who underwent lower extremity angiography or endovascular intervention at the UC Davis Medical Center between 2006 and 2013. All patients in the registry with CLI or claudication who were not taking other lipid-lowering medications were included in the analysis. The study protocol was approved by the institutional review board at the UC Davis Medical Center with a waiver of informed consent. Demographic, clinical, laboratory, and procedural data were obtained through preprocedure clinical notes, admission history, in-patient documentation, and angiographic review. Comorbidities that may affect physician prescribing of guideline-directed medical therapies-including patient history of myocardial infarction, stroke, and CAD-were also recorded. Medical prescribing patterns were verified by pharmacy prescriptions, both preprocedure and during follow-up. Medication prescription data were obtained from both pharmacy orders and standardized preprocedure evaluation that included current medications. Each patient's utilization of guideline-recommended medical therapy (eg, aspirin, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, statins) within the 3 months before the procedure and at 2 years after the procedure was assessed. All records were reviewed by trained chart abstractors and verified by a board-certified cardiologist.
Claudication was classified as Rutherford category 1-3 disease (mild, moderate, or severe claudication, respectively). CLI was classified as Rutherford category 4-6 disease (ischemic rest pain, minor tissue loss, or major tissue loss, respectively). Patient outcomes were determined by review of postprocedural clinical visits as well as electronic medical record documentation of subsequent hospitalizations and discharge summaries. Mortality was confirmed by chart documentation or the Social Security Death Index. The abstractors for these end points were blinded to other data analysis.
Outcomes
The primary end point was overall survival at 3 years. Secondary end points were MACE, major adverse limb events (MALE), and amputation-free survival (AFS). MACE was defined as fatal or nonfatal myocardial infarction, stroke, or cardiovascular death. MALE was defined as amputation or target lesion revascularization. AFS was defined as freedom from major amputation and all-cause death.
Statistical Analysis
Continuous variables and frequencies are presented as meanAESD, and categorical variables are presented as percentages. Continuous variables were compared using the Wilcoxon rank sum test, and categorical values were compared using v 2 or Fisher exact tests. Propensity scoring was used to adjust for confounding in HI and LMI statin therapy, defined as the conditional probability of being treated with an HI or LMI statin, given a patient's measured demographic and clinical characteristics. To calculate the propensity score, we developed a logistic model for HI statin treatment using stepwise logistic regression analysis. Baseline covariates in the model included age, sex, race, history of diabetes mellitus, CAD, congestive heart failure, hypertension, stroke, end-stage renal disease, carotid disease, chronic obstructive pulmonary disease, smoking status, and concomitant use of medications including bblockers, aspirin, and clopidogrel. Diagnostic tests to demonstrate balance of covariates after inverse probability of treatment weighting included calculation of the standardized difference before and after weighting to verify propensity score overlap between groups. Standardized mean difference calculation confirmed covariate balance after propensity weighting (Table S1 ). We performed a sensitivity analysis by adjusting further after inverse probability of treatment weighting for covariates that had a standardized mean difference >0.1 after
Clinical Perspective
What Is New?
• The findings of this study, which is the first to evaluate the clinical impact of statin intensity in patients with PAD, demonstrate that high-intensity (HI) statin therapy is associated with improved survival and fewer major adverse cardiovascular events in this vulnerable patient population compared with low-or moderate-intensity (LMI) statin therapy.
What Are the Clinical Implications?
• This study provides novel evidence in support of current professional society guidelines recommending HI statin therapy for patients with PAD and highlights the importance of improved physician awareness about the benefits of statin therapy in this patient population.
inverse probability of treatment weighting. This sensitivity analysis revealed similar point estimates for primary and secondary end points. 17 To determine the best estimate for the treatment effect of HI and LMI statin use, proportional hazards marginal structural models were developed via weighting using the propensity score. Marginal structural models were developed to adjust for time-dependent confounding of statin prescription. Multiple methodologies were used to validate the propensity model and have been described previously. 8 A subgroup analysis was also performed to investigate the primary and secondary end points stratified by the clinical manifestations of PAD (eg, claudication versus CLI). All analyses were performed using STATA software (version 13.1). Hazard ratios (HRs) are provided with 95% confidence intervals (CIs). For all tests, a P value <0.05 was considered significant.
Results

Study Population
A total of 909 patients with claudication or CLI were included in the overall cohort, and 629 (69%) of these patients were prescribed a statin medication. Among patients treated with a statin, 124 (19.7%) were prescribed a HI medication and followed for a median of 1.4 years (526 days). Atorvastatin (35%) and simvastatin (36%) were the most commonly prescribed statins, accounting for 71% of the total prescribed statins.
Patients prescribed LMI and HI statins had similar baseline comorbidities (Table 1) , with the exception of a significantly higher prevalence of CAD among patients receiving HI statins (77%) compared with those treated with LMI statins (P<0.0001). Patients on HI statins had a higher prevalence of proximal left anterior descending CAD (24% versus 13%, P=0.003), 2-vessel CAD (12% versus 5%, P=0.005), and 3-vessel CAD (27 versus 15%, P=0.002). Consistent with a higher prevalence of clinically recognized CAD, patients prescribed HI statins were significantly more likely to be prescribed aspirin, dual antiplatelet therapy with aspirin and clopidogrel, and b-blockers ( Table 1 ). The overall cohort was characterized by a high prevalence of current or prior tobacco use (76% versus 80% in the LMI and HI statin groups, respectively; P=0.48) and diabetes mellitus (54% versus 48% in the LMI and HI statin groups, respectively; P=0.11).
Baseline lipid profiles did not differ between the LMI and HI statin groups (total cholesterol 145AE38 versus 155AE54 mg/ dL, respectively, P=0.11; low-density lipoprotein [LDL] 80AE30 versus 87AE44 mg/dL, respectively, P=0.14). The majority of patients prescribed HI statins presented with CLI (60%), whereas the majority of patients prescribed LMI statins presented with claudication (54%).
Baseline ankle brachial indexes, toe brachial indexes, and angiographic vessel runoff did not differ significantly between the 2 groups ( Table 2) . Baseline ankle brachial index values 
Outcomes by Intensity of Statin Therapy
The event rates and HRs for the clinical outcomes are summarized in Table 3 (Figure 2) . In a subgroup analysis of patients with CLI, HI statin therapy was associated with improved survival and reduced MACE, with point estimates similar to that of the overall cohort (Table 4 ). For claudicants, the subgroup analysis did not detect a statistically significant difference in MACE and survival. Rates of AFS and MALE were similar for patients treated with HI and LMI statin therapy.
Trends in Statin Prescribing
The majority of patients in this study were treated with LMI statin therapy. Between 2006 and 2013, >70% of patients prescribed statins were treated with LMI agents. The percentage of patients treated with HI versus LMI statins was not significantly different by year and did not increase over time (Figure 3 ). At 2 years, patients on HI were more likely to remain on statin therapy than those taking LMI (66% versus 54%, P=0.017).
Discussion
Statins are recommended for all patients with PAD, and recent guidelines suggest use of HI statins based on the recognition that patients with PAD have a high risk of cardiovascular mortality. To our knowledge, this study is the first comparing HI and LMI statin therapy in patients with PAD undergoing peripheral angiography and/or intervention. We found that HI statin therapy was associated with a significant reduction in overall mortality and MACE compared with LMI statin therapy in this population. These results were present in both unadjusted and adjusted models, suggesting an independent benefit of HI statin therapy among patients with PAD. In addition, we reported the prevalence of HI statin use in a population of patients with PAD referred for angiography and/or endovascular intervention.
Improved Survival and Reduced MACE With HI Statin Therapy
The results of this study suggest that HI statin therapy provides a mortality benefit over LMI statin therapy in patients with PAD. This effect was accompanied by a significant Values are represented as n (%). CI indicates confidence interval; HI, high intensity; HR, hazard ratio; IPTW, inverse probability of treatment weighting; LMI, low or moderate intensity; MACE, major adverse cardiovascular events (myocardial infarction, cerebrovascular accident, or death); MALE, major adverse limb events (amputation, target lesion revascularization).
reduction in MACE and is consistent with the results of several large randomized controlled trials demonstrating reduced mortality and secondary ischemic events in patients with atherosclerosis of the coronary and cerebral vasculature treated with HI statin therapy.
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The benefit of lowering LDL in preventing MACE has been well described, particularly among patients with coronary atherosclerosis. HI statins exert potent LDL-lowering effects and may mediate additional benefits through pleiotropic mechanisms leading to atherosclerotic regression and plaque stabilization. 19, 20 Indeed, mechanistic studies have demonstrated that HI statin therapy (atorvastatin 80 mg daily) is associated with greater regression of carotid intima-media thickness and coronary atherosclerosis compared with moderate-intensity therapy (eg pravastatin 40 mg daily, simvastatin 40 mg daily). [21] [22] [23] Several large clinical trials have demonstrated rapid reductions in event rates among patients with CAD treated with HI statin therapy independent of baseline lipid profiles. 14, 15 Consistent with this, we observed significant improvement in overall mortality and reduction of MACE with HI statin therapy despite similar baseline LDL levels between groups. This finding likely reflects a pleiotropic effect of HI statin therapy leading to atherosclerotic regression, plaque stabilization, and fewer atherothrombotic events among patients with PAD, as lipid values were not significantly different between the 2 groups. Furthermore, reductions in MACE and mortality were observed despite a higher prevalence of proximal left anterior descending and multivessel CAD among those prescribed HI statins. As a manifestation of systemic atherosclerosis, PAD is associated with a high risk of adverse cardiovascular events such as stroke and myocardial infarction. 24 Statin therapy has been shown to mitigate this risk among patients with PAD across a broad spectrum of disease severity. The Heart cardiac and all-cause mortality among patients with symptomatic PAD prescribed statins, an effect that was most pronounced among patients receiving HI statin therapy and that was independent of LDL lowering. 6 The REACH registry included 5861 patients with symptomatic PAD and demonstrated significant reductions in MACE and adverse limb outcomes such as amputation among patients treated with statins. 9 Recently, data have also emerged supporting the use of statins in patients with CLI. In a retrospective study of 646 patients undergoing endovascular therapy for CLI, Aiello et al found that statin therapy was associated with significant improvements in overall mortality, primary and secondary Values are represented as n (%). HI indicates high intensity; HR, hazard ratio; IPTW, inverse probability of treatment weighting; LMI, low moderate intensity; MACE, major adverse cardiovascular events; MALE, major adverse limb events. patency, and limb salvage at 24 months. 7 Similarly, Westin et al reported lower rates of major adverse cardiovascular and cerebrovascular events and reduced mortality among patients with CLI treated with statins. 8 Despite this preponderance of evidence demonstrating superior clinical outcomes in patients with PAD treated with statins, little is known about the relative effects of statin intensity in this population. In patients with coronary atherosclerosis, HI statin therapy has consistently been shown to confer greater protection in terms of MACE and mortality. The PROVE-IT TIMI 22 investigators demonstrated that among patients with CAD and recent acute coronary syndrome, intensive statin therapy with atorvastatin 80 mg was superior to standard therapy with pravastatin 40 mg nightly in reducing all-cause mortality and MACE.
14 In patients with stable CAD, high-dose atorvastatin (80 mg) was shown to reduce cardiovascular death, nonfatal myocardial infarction, and fatal or nonfatal stroke compared with low-dose atorvastatin (10 mg). 13 Recently, the IDEAL study compared the effect of HI versus moderate-intensity statin therapy among patients with recent myocardial infarction. 25 In a subgroup analysis of patients with PAD, HI statin therapy was associated with a reduction in overall cardiovascular and coronary events and lower rates of coronary revascularization. Similarly, a recent study by Rodriguez et al included 509 766 patients with atherosclerotic cardiovascular disease, including PAD, and found that HI statin therapy was associated with a survival advantage compared with moderate-intensity statin therapy. 26 Our study expands on these findings by including only patients with clinically significant PAD referred for angiography or endovascular intervention, a selected population with a greater likelihood of having advanced PAD compared with those identified through screening or with non-lifestyle-limiting claudication.
Multiple studies have demonstrated a strong correlation in overall cardiovascular risk and disease severity in PAD. 3, 8, 27 Our study highlights the potential for HI statin therapy to mitigate this risk among patients with more advanced PAD requiring angiography and/or endovascular intervention.
MALE and AFS
Rates of MALE and AFS did not differ significantly between patients treated with HI and LMI statin therapy. Two prior studies demonstrating improved limb salvage and AFS with statin therapy included patients with CLI exclusively and did not stratify outcomes based on statin intensity. 7, 8 It is possible that statin therapy, regardless of intensity and through pleiotropic mechanisms, improves limb-specific outcomes in populations with a high prevalence of infrapopliteal disease, such as those with CLI. In our study, nearly half of patients presented with claudication. Although statin therapy in these patients reduces MACE, patients with claudication alone are unlikely to undergo amputation. Consequently, our study is likely underpowered to detect a significant difference in MALE and AFS. Regardless, our findings have implications for the broader PAD population, which stands to derive significant benefit in terms of overall mortality and reduced MACE from HI statin use.
Prevalence of HI Statin Use Among Patients With PAD
Our study provides insight into the use of HI statins among patients with PAD. Overall cardiovascular risk reduction is a primary objective in the treatment of patients with PAD, and medical therapy with an antiplatelet agent and statin is indicated in all patients with PAD who do not have contraindications to these medications. The use of statins is a core performance measure for the treatment of patients with PAD and is supported by a class 1 recommendation in ACC/AHA guidelines. 28 Nonetheless, studies have demonstrated that nearly half of patients with PAD alone do not receive statin therapy. 11 In our study, in which a majority of patients had concomitant CAD, 68.9% were prescribed a statin. This is slightly lower than reported rates of statin use in patients with CAD alone, which range from 70% to 78%. 29, 30 Importantly, only a minority of patients in our study (13.6%) were treated with guideline-directed HI statin therapy These patients were more likely to have multivessel CAD and to remain on statin therapy at 2 years. To our knowledge, this study is the first to stratify the prevalence of statin therapy by drug intensity in patients with PAD and identifies areas for future clinical improvement.
Limitations
This study has several limitations. First, we reported outcomes from a single tertiary care center. Consequently, our findings (eg, statin prescriptions) are representative of the practice patterns only at this institution; however, this institution includes a dedicated vascular center that focuses on the treatment of patients with PAD. In addition, our data are derived from statin prescriptions and do not necessarily reflect adherence to statin therapy. There was substantial heterogeneity among the statins used in this study, and follow-up LDL levels are not available for our cohort, limiting our understanding of whether the improvement in overall mortality was driven primarily by LDL reduction or an alternative mechanism. Clinical information regarding symptom improvement following intervention is not available. Finally, the retrospective nature of this study allows for the description of associations and does not prove a causal relationship between high-potency statin use and improved survival; however, the propensity model demonstrated excellent covariate balance, suggesting an independent effect of HI statin therapy based on measured covariates.
Conclusions
This study is the first to compare the relative effects and outcomes of HI versus LMI statin therapy in patients with PAD undergoing peripheral angiography and/or intervention. Our data support current guideline recommendations by demonstrating improved survival in patients with PAD treated with HI statins compared with LMI statins. Consistent with previously published reports, our study suggests that many patients with PAD do not receive statin therapy, and even fewer receive HI statin therapy. These findings highlight a need for ongoing education to raise awareness among providers and patients alike about the benefits of statin therapy in PAD. Future studies are needed to confirm these findings and to determine whether the overall mortality benefit observed with HI statin therapy is results from reduced MACE, MALE, or both.
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